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0 Process for producing aqueous DIsperslon-Type Acrylic Polymer, the acrylic polymer obtained 
thereby, and pressure-sensitive adhesive comprising the acrylic polymer. 



@ A process for producing an aqueous dispersion-type acrylic polynner is disclosed, which comprises 
introducing a nnonomer connprising an alkyi (meth)acrylate as the nnain connponent into a polymerization vessel 
at a time at a monomer concentration of 40% by weight or higher, adding a water-soluble radical polymerization 
initiator thereto in an amount of from 0.001 to 0.05 parts by weight per 100 parts by weight of the monomer, and 
emulsion-polymerizing the monomer substantially at 20 to 60 ° C. The aqueous dispersion-type acrylic polymer 
thus obtained satisfies the equation log M>3log S-2, wherein S is a tetrahydrofuran (THF)-soluble content (wt%) 
^ of the polymer and M is a weight-average molecular weight (x1 0,000) of a soluble part of the polymer. This 
^ polymer is preferably used for a pressure-sensitive adhesive in pressure-sensitive adhesive-covered products. 
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FIELD OF THE INVENTION 

The present invention relates to a process for producing an aqueous dispersion type acrylic polymer, 
the acrylic polymer thus obtained, and a pressure-sensitive adhesive comprising the acrylic polymer. 

6 

BACKGROUND OF THE INVENTION 

Emulsion polymerization in an aqueous medium is utilized for the production of various polymers 
because of freedom from the danger of fire and environmental pollution due to the unnecessity of any 

10 organic solvent. In the production of an acrylic polymer by emulsion polymerization, ammonium persulfate 
is frequently used as a water-soluble radical polymerization initiator in an amount of usually from 0.1 to 0.5 
parts by weight per 1 00 parts by weight of the monomer, and the polymerization is conducted usually at a 
temperature of 60 ° C or higher, with the decomposition temperature of the initiator being taken into account. 
In the case of mass production, the monomer-dropping method in which a monomer emulsion is dropped 

15 into the polymerization system little by little is generally employed to conduct emulsion polymerization 
because feeding a monomer at a time in mass production makes the control of heat generation by 
polymerization difficult. 

The acrylic polymer produced by such conventional emulsion polymerization contains a considerable 
proportion of a low molecular weight component. - The presence of this low molecular weight component 

20 seems to be desirable because it enhances tack in pressure-sensitive applications such as adhesive tapes. 
However, where the polymer is used over a prolonged period of time in a high temperature range or under 
high load or used in applications where an end-peeling force is applied or a plasticizer is present, the 
adhesiveness of the polymer to an adherend often becomes poor. This is because the low molecular weight 
component blooms even though the cohesive force of the polymer has been increased by post-crosslinking 

26 alone. In re-strippable applications, the conventional acrylic polymer also has a problem that the low 
molecular weight component blooms on the surface of the adherend to stain the adherend upon re- 
stripping. 

Because of the above, polymers for the above adhesive applications preferably have a low molecular 
weight component content which in as low as possible. However, diminishing the low molecular weight 

30 component in a polymer is never easy, although increasing the low molecular weight component can be 
easily attained by increasing the amount of a chain transfer agent. A reduction of the content of the low 
molecular weight component seems to be attained by reducing the amount of ammonium persulfate used 
as a polymerization initiator to below the lower limit of the above specified range or by lowering the 
polymerization temperature to below 60 ' C. However, the polymerization reaction is almost stopped under 

36 such conditions, so that the desired acrylic polymer is difficult to produce. 

Another method which seems to be usable to obtain the desired polymer is to remove the low 
molecular weight component after emulsion polymerization in place of inhibiting the formation of a low 
molecular weight component during emulsion polymerization. For example, polymer reprecipitation and 
cleaning the pressure-sensitive adhesive on an adhesive tape with an organic solvent are known. However, 

40 such techniques are costly and Laborious and are hence undesirable for practical use. 

As described above, a process for industrially advantageously producing an acrylic polymer having a 
reduced low molecular weight component content has not been found so far, which polymer is strongly 
desired in pressure-sensitive applications such as adhesive tapes. 

45 SUMMARY OF THE INVENTION 

An object of the present invention is, under these circumstances, to provide a process which can 

directly produce a high molecular weight acrylic polymer having a reduced low molecular weight compo- 
nent content through emulsion polymerization in an aqueous medium and which therefore does not 
60 especially need the procedure for removing a low molecular weight component after emulsion polymeriza- 
tion. 

As a result of intensive studies to accomplish the above object, it was found that an acrylic polymer 
having a reduced low molecular weight component content can be obtained when a radical polymerization 
initiator having a low decomposition temperature, e.g., ammonium persulfate or 2,2'-azobis[2-(2-imidazolin- 
66 2-yl)propane], is used as a water-soluble radical polymerization initiator in an amount considerably smaller 
than the conventional ones to emulsion-polymerize a monomer in an aqueous medium at a temperature 
lower than the conventional ones, with the monomer being fed not dropwise but at a time. 
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Further investigations were made based on the above finding. As a result, the present inventors found 
that not only the acrylic polymer obtained by the above-described method has an exceedingly high 
molecular weight, but also that part of the polymer which is soluble in tetrahydrofuran (hereinafter referred 
to as "THF") has an exceedingly high molecular weight for the low THF-soluble content attributable to a 

5 very small number of crosslinks formed during polymerization. It is generally known that as the degree of 
crosslinking of a polymer increases, the solvent-soluble content of the polymer decreases and, simulta- 
neously therewith, the molecular weight of the soluble part decreases. In contrast to this knowledge, the 
polymer obtained by the above-described method has an exceedingly high molecular weight of the soluble 
part as compared with conventional polymers having the same soluble content. 

10 A closer examination of such a phenomenon was conducted by the present inventors, and has-revealed 
that there is a specific relationship between the soluble content and the molecular weight of the soluble part 
as shown in the attached Figure. The Figure shows the relationship between the THF-soluble content of the 
polymer formed and the molecular weight of the THF-soluble part, with the logarithm of the soluble content 
S (%) being plotted as abscissa and the logarithm of the weight-average molecular weight M (x1 0,000) of 

15 the soluble part as ordinate. All the plots for the acrylic polymers obtained by the above-described method 
have been found to be present in the hatched region on the left side of log M = 3log S-2 indicated by 
straight line a, that is, present within the region defined by log M>3log S-2. 

These acrylic polymers which satisfy the above-described relationship are polymers having an exceed- 
ingly reduced low molecular weight component content and can hence be utilized as they are in pressure- 

20 sensitive applications such as adhesive tapes without the necessity of any procedure for removing a low 
molecular weight component after polymerization. In these applications, those acrylic polymers have been 
found not to cause problems attributable to the blooming of a low molecular weight component, such as 
poor adhesion to adherends and staining of adherends upon re-strlpplng. 

The present Invention has been achieved based on the above-described findings. The present invention 

25 provides a process for producing an aqueous dispersion-type acrylic polymer which comprises introducing 
a monomer comprising an alkyi (meth)acrylate as the main component into a polymerization vessel at a 
time at a monomer concentration of 40% by weight or higher along with an aqueous medium containing an 
emulsifying agent, adding a water-soluble radical polymerization Initiator thereto in an amount of from 0.001 
to 0.05 parts by weight per 100 parts by weight of the monomer, and emulsion-polymerizing the monomer 

30 at 20 to 60 ' C. 

The present Invention also provides a polymer which satisfies the equation log M>3log S-2 wherein S is 
the THF-soluble content (%) of the polymer and M is the weight-average molecular weight (x1 0,000) of the 
soluble part of the polymer. 

The present Invention further provides a pressure-sensitive adhesive comprising the acrylic polymer. 

35 

BRIEF DESCRIPTION OF THE DRAWING 

The Figure shows the relationship between the tetrahydrofuran-soluble contents In acrylic polymers 
obtained by the present Invention and the weight-average molecular weights of the soluble parts of the 
40 polymers. 

DETAILED DESCRIPTION OF THE INVENTION 

The monomer used in the present invention comprises an alkyI (meth)acrylate as the main component. 

45 That is, the content of the alkyI (meth)acrylate is at least 50% by weight based on the weight of the total 
monomers. The alkyI (meth)acrylate preferably has from 1 to 18 carbon atoms in the alkyI moiety. Other 
monomers that may be used if desired include carboxylated monomers, e.g., maleic anhydride, (meth)- 
acrylic acid, and itaconic acid; hydroxylated monomers, e.g., hydroxyalkyi (meth)acrylates; vinyl acetate; 
styrene; nitrogenous monomers, e.g., (meth)acrylonitrile, N-vinylpyrrolidone, (meth)acryloylmorphollne, 

60 cyclohexylmalelmide, (meth)acrylamide, and N,N-dimethyl(meth)acrylamide; and monomers containing a 
glycidyl group, e.g., glycidyl (meth)acrylate. Also usable are crosslinking monomers such as, e.g., 
trimethylolpropane tri(meth)acrylate. However, monomers which give a polymer having a glass transition 
temperature (Tg) of -20 °C or lower are preferred when the polymer is for use as a pressure-sensitive 
adhesive. This is because the polymer obtained by this invention has a high molecular weight and hence 

55 lower Tg's tend to bring about higher initial adhesion. 

The emulsifying agent used for emulsifying these monomers into an aqueous medium may be nonionic 
or anionic or of another type. An emulsifying agent having a copolymerizable unsaturated group is 
preferred. This is because use of such an emulsifying agent results in a reduced free-emulslfier content, so 
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that the amount of the emulsifying agent which blooms on the polymer surface upon drying of the polymer 
emulsion after polymerization can be reduced. Examples of such a copolymerizable emulsifying agent 
include those obtained by introducing a propenyl group into hydrophobic groups of polyoxyethylene 
alkylphenyl ethers and of the sulfate salts thereof. The amount of the emulsifying agent used is not 

6 particularly limited, but it usually is from 0.5 to 5 parts by weight per 100 parts by weight of the monomer. 

The water-soluble radical polymerization initiator for use in the present invention has a decomposition 
temperature (10 hour half-life temperature) in water of usually 70*C or lower, and preferably 60°C or lower. 
Examples of the initiator include azo initiators such as those enumerated below and redox initiators 
comprising combinations of either water-soluble organic peroxides, e.g., t-butyl hydroperoxide, t-butylperox- 

10 ymaleic acid, and hydrogen peroxide, or persulfates, e.g., ammonium persulfate, and reducing agents, e.g., 
polyamines, ferrous salts, triethanolamine, and ascorbic acid. From the standpoints of adherend-nonstaining 
property, noncorrosive property, water resistance, etc., water-soluble organic initiators are the most 
desirable. 

Examples of azo initiators include 2,2'-azobis[2-(2-imidazolin-2-yl)propane] (decomposition temperature, 
15 61 * C in methanol),2,2'-azobis[2-(5-methyl-2-imidazoline-2-yl)propane] dihydrochloride (decomposition tem- 
perature, 41 *C in water), and 2,2'-azobis[2-(5-hydroxy-3,4,5,6-tetrahydropyrimidin-2-yl)propane] dihydroch- 
loride (decomposition temperature, 59 *C in water). Especially preferred of these from the standpoint of 
nonstaining property is 2,2'-azobis[2-(2-imidazolin-2-yl)propane], which does not contain a chloride in the 
molecule. 

20 In the present invention, the monomer comprising an alkyi (meth)acrylate as the main component is first 
introduced at a time into a polymerization vessel along with an aqueous medium containing an emulsifying 
agent. The monomer concentration is generally 40% by weight or higher, and preferably from 45 to 60% by 
weight. This method in which the monomer is fed at a time is intended to avoid drawbacks of the monomer- 
dropping method, such as the instability of polymerization reaction. Although such a method in which a 

26 monomer is fed at a time may be thought to have a problem concerning the control of polymerization heat, 
the process of this invention is free from this problem. This is because in this invention, the monomer is 
reacted at low temperature using an initiator in a reduced amount. The aqueous medium may be water 
alone, or may be a mixture of water and a small proportion of a water-soluble solvent. 

The contents in the vessel are then stirred sufficiently to obtain a homogeneous monomer emulsion. A 

30 water-soluble organic radical polymerization initiator is added thereto in an amount of from 0.001 to 0.05 
parts by weight per 100 parts by weight of the monomer, while the atmosphere in the vessel is continuously 
replaced with nitrogen gas. The monomer is thus emulsion-polymerized at 20 to 60 ' C. Methods for adding 
the initiator are not particularly limited. In the case of a redox initiator comprising an organic peroxide and a 
reducing agent, for example, the two ingredients may be introduced in such a manner that either of the two 

36 is added first and the other is added at a time, portion-wise, or continuously. 

Methods for heating are also not particularly limited. The reaction mixture may be regulated to have a 
temperature in the above-specified range before, during, or after the addition of the water-soluble organic 
radical polymerization initiator. This temperature regulation may be conducted in two steps according to the 
kind of the initiator used. For example, the reaction is first performed at a low temperature of 20 to 50'C to 

40 increase the degree of polymerization as high as possible at that temperature, and the reaction is then 
further performed at a higher temperature of 50 to 60 * C to allow the polymerization to proceed to a desired 
degree of polymerization. If the amount of unreacted monomer in the system is small (for example, 5% by 
weight or less) and the polymerization system is not substantially influenced even if the temperature is 
raised, the reaction may be conducted at high temperature exceeding 60 'C. 

45 As described above, the acrylic polymer thus obtained satisfies the equation log M>3log S-2 as shown 
the Figure wherein S (%) is the THF-soluble content of the polymer and M (x1 0,000) is the weight-average 
molecular weight of the THF-soluble part, with the logarithm or the soluble content S being plotted as 
abscissa and the logarithm of the weight-average molecular weight M as the ordinate. 

The soluble content S (%) is determined by flow-casting the emulsion obtained by emulsion poly- 

60 merization on a stirippable substrate at a thickness of 50 um on a dry basis, drying the coating, peeling off 
the acrylic polymer, wrapping a given amount [X] (usually 0.05 to 2.0 g) of the polymer with a 
polytetrafluoroethylene membrane having a maximum pore diameter of 0.2 juim and a thickness of about 80 
jiff), immersing the wrapped acrylic polymer in THF solvent at 23 °C for 2 weeks to extract any solvent- 
soluble matter, measuring the weight [Y] of the extract after drying, and calculating the soluble content S 

66 using the equation S(%) = (Y/X) x 100. The weight-average molecular weight M (x1 0,000) of the soluble part 
is determined by gel permeation chromatography (GPC). 

This acrylic polymer is a high molecular weight acrylic polymer having a reduced low molecular weight 
component content, so that it can be subjected as it is to pressure-sensitive applications such as adhesive 
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tapes without the necessity of removing a low nnolecular weight connponent after ennulsion polynnerization. 

A pressure-sensitive adhesive-covered product such as a pressure-sensitive adhesive tape can be 
obtained by, for example, adding various conventional additives such as a crosslinking agent, a tackifler, a 
plastlclzer, and a pigment to the acrylic polymer if desired and necessary, applying this polymer to a 
5 substrate, and drying the coating to form a pressure-sensitive adhesive layer having a desired thickness. 

This pressure-sensitive adhesive-covered product has a high cohesive force and is excellent in heat 
resistance and other properties. It is sufficiently usable even in a high temperature range or under high load 
or even in applications where an end-peeling force is applied or a plastlclzer is present. In particular, this 
adhesive tape is free from the conventional problem of poor adhesion to adherends attributable to the 
10 blooming of a low molecular weight component. In re-strippable applications also, the adhesive tape does 
not stain the adherends. 

Therefore, by utilizing this re-strippability, the pressure-sensitive adhesive-covered product can be used 
for surface protection of a metal or the like, surface protection of a coated surface of automobiles or the 
like, processing such as cutting or polishing of a silicone wafer, or medical uses. Further, the polymer can 

15 be used as a spray-type pressure-sensitive adhesive as it is. 

Other preferred use example is as follows. For example, where a pressure-sensitive adhesive-covered 
product is produced by applying a pressure-sensitive adhesive coating to a back surface of a sheet-like 
product such as a tile carpet which is laid on a floor, a strippable film is in general temporarily adhered to 
the surface of the coating to protect the coating surface, but if the polymer of the present invention is used 

20 as a pressure-sensitive adhesive coating, there is an advantage that even if the coating surfaces are 
mutually adhered, the coatings can easily and surely be separated each other even with the lapse of time 
due to its high cohesive property, and a strippable film is not necessary. It can be understood that this use 
example can also be applied to film-like, sheet-like and tape-like products. 

As described above, according to the present invention, a high molecular weight acrylic polymer having 

25 a reduced low molecular weight component content can be directly obtained by emulsion polymerization in 
an aqueous medium, so that any procedure for removing a low molecular weight component after emulsion 
polymerization is unnecessary. Moreover, since the monomer in fed at a time, mass production of 
emulsions is possible. 

In addition, where the high molecular weight acrylic polymer obtained by the present invention has a 
30 glass transition temperature of -20 *C or lower and this polymer is used in pressure-sensitive applications 
such as adhesive tapes, the pressure-sensitive adhesive is free from the problem of poor adhesion to 
adherends attributable to the blooming of a low molecular weight component and can exhibit excellent heat 
resistance and other properties. In re-strippable applications, the staining of adherends can be avoided and 
the pee! strength changes little with the lapse of time. In medical applications, the pressure-sensitive 
35 adhesive causes little skin irritation. 

The present Invention will be explained in more detail by reference to the following Examples, but the 
invention should not be construed as being limited thereto. Hereinafter, all parts and percents are by weight, 
unless otherwise indicated. 

40 EXAMPLE 1 

Into a 1 -liter polymerization vessel were introduced 125 parts of butyl acrylate, 100 parts of 2-ethylhexyl 
acrylate, 12.5 parts of N,N-dimethylacrylamide, 12.5 parts of 2-hydroxypropyl acrylate, 0.03 parts of 
ethylene glycol diacrylate, 5.0 parts of a polyoxyethylene alkylphenyl ether having a propenyl group which 

45 had added the phenyl group (HLB = 17), and 205 parts of distilled water. The contents were stirred to obtain 
a homogeneous emulsion having a monomer concentration of about 56%. 

A 5% methanol solution of 2,2'-azobis[2-(2-imidazolin-2-yl)propane] as a water-soluble organic radical 
polymerization initiator was then added thereto in an amount of 0.25 parts (the initiator amount being 0.005 
parts per 100 parts of the monomers) with sufficient replacement with nitrogen gas. The reaction mixture 

60 was maintained at 40 °C for 12 hours to conduct emulsion polymerization. As a result, the rate of 
polymerization reached 95%. Thereafter, 0.1 part of the 5% methanol solution was additionally added and 
emulsion polymerization was conducted at that temperature for 24 hours. The resulting reaction mixture was 
cooled to room temperature to complete the polymerization reaction. 

Part of the thus-obtained acrylic polymer emulsion was used to examine the THF-soluble content S (%) 

55 and the weight-average molecular weight M (x1 0,000) of the soluble part. As a result, it was found that 
S = 5% and M = 38 (x1 0,000). Hence, log M = 1.58 and 3log S-2 = 3 x 0.70-2 = 0.1. Thus, the acrylic polymer 
obtained was ascertained to satisfy the equation log M>3log S-2. The Tg of this polymer was -41 *C. 
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EXAMPLE 2 

Into a 1 -liter polymerization vessel were introduced 237.5 parts of butyl acrylate, 10 parts of ac- 
rylonitrile, 2.5 parts of acrylic acid, 7.5 parts of an annnnonium polyoxyethylene alkylphenyl ether sulfate, 
5 and 280 parts of distilled water. The contents ware stirred to obtain a honnogeneous ennulsion having a 
nnononner concentration of about 47%. Emulsion polymerization was carried out in the same manner as in 
Example 1, except that this emulsion was used. The proportion of the 2,2'-azobis[2-(2-jmidazolin-2-yl)- 
propane] used as a water-soluble organic radical polymerization initiator to the monomers was the same as 
in Example 1 . 

10 Part of the thus-obtained acrylic polymer emulsion was used to examine the THF-soluble content S (%) 
and the weight-average molecular weight M (x1 0,000) of the soluble part. As a result, it was found that 
S = 25% and M = 210 x 10,000. Hence, log M = 2.32 and Slog S-2 = 3 x 1.40-2 = 2.2. Thus, the acrylic 
polymer obtained was ascertained to satisfy the equation log M>3log S-2. The Tg of this polymer was 
-37 -C. 

15 

EXAMPLE 3 

Into a 1 -liter polymerization vessel were introduced 230 parts of butyl acrylate, 15 parts of N- 

vinylpyrrolidone, 5 parts of 2-hydroxyethyl acrylate, 0.015 parts of ethylene glycol diacrylate, 7.5 parts of a 
20 polyoxyethylene alkylphenyl ether (HLB = 17), and 225 parts of distilled water. The contents were stirred to 

obtain a homogeneous emulsion having a monomer concentration of about 53%. 

Thereto was added 0.025 parts of t-butyl hydroperoxide. Subsequently, a solution prepared by 

dissolving 0.01 part of triethanolamine in 25 parts of water was added dropwise over a period of 24 hours 

with sufficient replacement with nitrogen gas, while the reaction mixture was maintained at 45 'C. Thus, 
25 emulsion polymerization was conducted. The resulting reaction mixture was cooled to room temperature to 

complete the polymerization reaction. The total amount of the t-butyl hydroperoxide and triethanolamine 

used as a redox initiator was 0.01 4 parts per 1 00 parts of the monomers. 

Part of the thus-obtained acrylic polymer emulsion was used to examine the THF-soluble content S (%) 

and the weight-average molecular weight M (x1 0,000) of the soluble part. As a result, it was found that 
30 S = 6% and M = 42 (x1 0,000). Hence, log M = 1.62 and 3log S-2 = 3 x 0.78-2 = 0.34, Thus, the acrylic 

polymer obtained was ascertained to satisfy the equation log M>3log S-2. The Tg of this polymer was 

-36 » C. 

EXAMPLE 4 

36 

Into a 1 -liter polymerization vessel were introduced 25 parts of methyl acrylate, 120 parts of butyl 
acrylate, 100 parts of 2-ethylhexyl acrylate, 5 parts of acrylic acid, 0.02 parts of trimethylolpropane 
triacrylate, 7.5 parts of an ammonium polyoxyethylene alkylphenyl ether sulfate, and 270 parts of distilled 
water. The contents were stirred to obtain a homogeneous emulsion having a monomer concentration of 
40 about 48%. 

One part of a 2.5% aqueous solution of ammonium persulfate (initiator) was then added thereto with 
sufficient replacement with nitrogen gas, and the reaction mixture was maintained at 50 °C for 8 hours. 
Thereafter, 0.5 parts of the 2.5% aqueous initiator solution was additionally added and emulsion polymeriza- 
tion was conducted at 50 ' C for 1 2 hours. 
45 Part of the thus-obtained acrylic polymer emulsion was used to examine the THF-soluble content S (%) 
and the weight-average molecular weight M (x1 0,000) of the soluble part. As a result, it was found that 
S = 8% and M = 60 x 10,000. Hence, log M = 1.78 and 3log S-2 = 3 x 0.90-2 = 0.7. Thus, the acrylic polymer 
obtained was ascertained to satisfy the equation log M>3log S-2. The Tg of this polymer was -42 *C. 

50 COMPARATIVE EXAMPLE 1 

A monomer emulsion having a monomer concentration of about 35% was obtained in the same manner 
as in Example 1, except that the amount of distilled water was changed to 371 parts. An acrylic polymer 
emulsion was obtained in the same manner as in Example 1, except that this monomer emulsion was used. 
56 Part of this acrylic polymer emulsion was used to examine the THF-soluble content S (%) and the weight- 
average molecular weight M (x1 0,000) of the soluble part. As a result, it was found that S = 16% and M = 8 x 
10,000. Hence, log M = 0.90 and 3log S-2 = 3 x 1.2-2 = 1.6. Thus, the acrylic polymer obtained was 
ascertained not to satisfy the equation log M>3!og S-2. 
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COMPARATIVE EXAMPLE 2 

An acrylic polymer emulsion was produced by emulsion polymerization in the same manner as in 
Example 4, except that 20 parts of 2.5% ammonium persulfate solution was used as a polymerization 
5 initiator and the polymerization temperature was changed to 60 °C. Part of this emulsion was used to 
examine the THF-soluble content S (%) and the weight-average molecular weight M (x1 0,000) of the soluble 
part. As a result, it was found that S = 12% and M = 12 x 10,000. Hence, log M = 1.08 and 3log S-2 = 3 x 
1.38-2 = 1.24. Thus, the acrylic polymer obtained was ascertained not to satisfy the equation log M>3log S- 
2. 

10 

COMPARATIVE EXAMPLE 3 

Into a 1 -liter polymerization vessel was introduced 150 parts of water. Thereto was added a solution of 
0.08 parts of 2,2'-azobis[2-(2-imidazolin-2-yl)propane] as a water-soluble organic radical polymerization 
15 initiator with sufficient replacement with nitrogen gas. The reaction mixture was maintained at 40 * C. 

Into this vessel was then introduced dropwise over a period of 12 hours a homogeneous emulsion 
prepared beforehand by mixing 235 parts of butyl acrylate, 5 parts of styrene, 10 parts of 2-hydroxypropyl 
acrylate, 7.5 parts of a polyoxyethylene alkylphenyl ether (HLB = 17), and 100 parts of distilled water. Thus, 
emulsion polymerization was conducted. The reaction mixture was then heated to 60 *C to further conduct 
20 emulsion polymerization at this temperature for 24 hours. The resulting reaction mixture was cooled to room 
temperature to complete the polymerization reaction. 

Part of the thus-obtained acrylic polymer emulsion was used to examine the THF-soluble content S (%) 
and the weight-average molecular weight M (x1 0,000) of the soluble part. As a result, it was found that 
S = 36% and M = 38 x 10,000. Hence, log M = 1.58 and 3log S-2 = 3 x 1.56-2 = 2.68. Thus, the acrylic 
25 polymer obtained was ascertained not to satisfy the equation log M>3log S-2. 

Each of the acrylic polymer emulsions obtained in Examples 1 to 4 and Comparative Examples 1 to 3 
was examined for pressure-sensitive adhesive performances. First, each emulsion was flow-cast on a 38 
um-thick primed polyester film at a thickness of 50 mm on a dry basis, and the coating was dried. The 
coated film was allowed to stand at 50 ° C for 48 hours to produce a pressure-sensitive adhesive tape. This 
30 tape was examined for end peelability and re-strippability by the following methods. The results obtained 
are shown in Table 1 below. 

(End Peelability Test) 

35 The adhesive tape was cut into 1-cm width, and this tape was wound on an iron wire having a diameter 
of 2 mm so that the tape made three rounds. The test piece thus prepared was allowed to stand at 80 * C 

for 48 hours, and than examined tor tape end peeling to evaluate end peelability. Test pieces which showed 
a lifting of 1 mm or less are indicated by o, while test pieces which showed a lifting larger than 1 mm are 
indicated by X. 

40 

<Re-strippability Test) 

The adhesive tape was cut into a strip having a length of 10 cm and a width of 2 cm. This strip was 
applied to a stainless-steel plate (SUS 304) on its bright annealing finish side, allowed to stand at 50*C for 
45 48 hours, and then stripped. The resulting stainless-steel surface was examined for staining to evaluate re- 
strippability. Adhesive tapes which remained no adhesive residue are indicated by o, while adhesive tapes 
which remained an adhesive residue are indicated by X. 
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TABLE 1 



10 





peelability 
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Example 1 


0 


0 


Example 2 


0 


0 


Example 3 


0 


0 


Example 4 


0 


0 


Comparative Example 1 


X 


X 


Comparative Example 2 


X 


X 


Comparative Example 3 


X 


X 
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The results in Table 1 clearly show that the acrylic polymers obtained by the present invention can give 
pressure-sensitive adhesive tapes which are less apt to suffer end peeling and to stain the adherends upon 
re-stripping. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 



26 



A process for producing in aqueous dispersion-type acrylic polymer which comprises introducing a 
monomer comprising an alky! (meth)acrylate as the main component into a polymerization vessel at a 
time at a monomer concentration of 40% by weight or higher, adding a water-soluble radical 
polymerization initiator thereto in an amount of from 0.001 to 0.05 parts by weight per 100 parts by 
weight of the monomer, and emulsion-polymerizing the monomer substantially at 20 to 60 * C. 



30 



2. A process as claimed in claim 1, wherein the alkyi (meth)acrylate has 1 to 18 carbon atoms in the alkyi 
moiety. 
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4. 



A process as claimed in claim 1, wherein the water-soluble radical polymerization initiator has a 
decomposition temperature (10 hour half-life temperature) in water of 70'C or less. 

A process as claimed in claim 1, wherein the emulsion-polymerization is conducted at 20 to 50'C and 
then conducted at 50 to 60 * C. 
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An aqueous dispersion-type acrylic polymer which satisfies the equation log M>3log S-2, wherein S is 
a tetrahydrofuran (THF)-soluble content (wt%) of the polymer and M is a weight-average molecular 
weight (x1 0,000) of a soluble part of the polymer. 
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6. A pressure-sensitive adhesive comprising the acrylic polymer as claimed in claim 1 , wherein the acrylic 
polymer has a glass transition temperature of -20 • C or lower. 
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